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CHAPTER I 
INTRODUCTION 
In the current mental health climate of "open door 
policy," "night and day hospitals,n "home treatment," 
"after-care programs," and hospital industries, there is 
an increasing interest in the 11 controlsn of patients. 
Psychoanalytically oriented personality theory has pro-
vided concepts for assessing controls relating to con-
flicts between drives and between drives and reality •. 
These controls are the defense mechanisms. The.clinical 
psychologist has developed procedures for inferring these 
controls from the formal aspects of test responses. what 
he lacks is an integrated theoretical framework for eval-
uating the "autonomous" or conflict-free mechanisms of 
regulation. Often he i.s strai.ned conceptually in re-
lating needs and defenses to the patient's non-defensive 
equipment for reality appraisal and for modulating need 
gratification. The concept of cognitive controls, pro-
·1 
posed by Klein, provides a conceptual scheme by which 
the clinician may obtain a more integrated impression of 
the patient's needs, defenses and adaptive regulating 
mechanisms in psychological assessment. 
1. G. s. Klein, The personal world thXough pereeption. 
In R. R. Blake and G. v. Ramsey (Eds.), Perception: " 
An-AD~ch to Personalitx; New York: Ronald Press, 
1951. 
1. 
-~· 
This concept was proposed in an attempt to explain 
the relationship between perception and personality organi-
zation. Theories of this relationship vary in the degree 
to which they stress either the structural aspects of per-
ception or the motivational and experiential determinants 
of personality. One extreme traditionally supports the 
dominance of such autochthonous determinants in perceiving 
stimuli as the effects of stimulation upon receptors, sensori-
motor tracts, and cortical centers, maintaining that person-
2 
ality organization plays only a minor role. The other 
extreme presents some support for the proposition that per-
ception reflects primarily wishes, needs, motives, sets, 
values, and defenses, stable or momentary, within structural 
3 
limitations. 
Cognitive control theory, rath~r than conceptualizing 
this relationship in terms of the dominance of either auto-
chthonous or motivational factors and thus risking violence 
to the basic assumption of the unity of personality, pro-
poses that perception and all behavior are governed by 
cognitive controls or common principles of organization 
2. H. Wallach, Some considerations concerning the relation-
ship between percep-tion and cognition. .J:~rs., 1949-50 
(18), 6-18. 
3, J. S. Bruner and·L. Postman, Perception, Cognition and 
behavior. J, Pers., 1949-50, (18), 14-31. 
2. 
4 
which develop in the course of adaptation. A focal claim 
of this view is that the individual is born with a certain 
apparatus, although embryonic, for active coping with the 
environment and for meeting adaptive demands. Its more 
implicit claim that behavior is not all defensive and that 
man is not a bond of his anxieties is not novel. However, 
it is a proposition that was lost in the shuffle of Freudian 
effort to elucidate drive theory and requires repeated re-
emphasis. 
This study is designed to investigate the relationship 
between one principle of cognitive control and one aspect of 
cognitive functioning. The major hypothesis to be tested 
concerns the relationship between leveling-sharpening, as 
one dimension of cognitive control, and retroactive inhib-
ition as one phenomenon of learning. 
4· G. s. Klein, and H. J. Schlesinger, Where is the perceiver 
in perceptual theory? J. Per~., 1949-50, (18), 32-47. 
3. 
CHAPTER II 
THEORETICAL O~IENTATION 
jh~ Concept. of Cognitiye Contrgl 
The concept of cognitive controls and styles was 
proposed by Klein and his associates to account for ob-
served consistencies in the manner in which individuals 
1 
organize stimuli in cognitive tasks. Allport and Vernon 
were concerned with similar kinds of consistency in their 
studies of expressive movements. Klein's concept, which 
2. 
incorporates Allport's 'distinction between motivational 
and instrumental attitudes, evolved from an attempt to de-
velop a theoretical model in which the role of the perceiver 
in perception is emphasized. 
·3 
Klein and Schlesinger, in the tradition of Stern, 
Freud, Hartmann, Rappaport, and Kris, postulated that indiv-
iduals differ in ego organization or in the way in which 
they are organized to deal with reality. In this concept-
ualization of the individual, such organization is partly 4 
network of controls (ego control system) which equilibrates 
and modulates the claims of drive and reality. Perception 
1~ G. w. Allport, and P. E. Vernon, ~z,m:essivg 
_B§havi.m:... New York: Macmillan, 1932. 
2. G. W. Allport, f~rsonali~: A Psycholog1cal Interp~ 
~ation. New York: Holt, 1937 
3. Klein and Schlesinger, .QJ4_.Qit. 
4· 
is only a part of this network of controls; all cognitive 
and motor part systems, each having certain properties pro-
vided by physiology and anatomy that may be mobilized for 
adaptation, are integrated in ego proce.s,ses. Individual 
differences in the adaptive properties of the perceptual 
apparatus such as thresholds, latencies, organizing time, 
brightness and size constancies, reflect not chance varia-
tion or experimental error but express executive direction 
of the ego control system. It is assumed that variations 
in the organization of these adaptive properties, developing 
from the initial direction toward mastery of physical stim-
ulation, achieve a relative stability which gives recog-
nizable characteristics to the individual. If all part 
systems are under the control of ego organization, the 
unique modes of ego integration as reflected in perception 
should be observed also in learning, memorial, conceptual, 
motor, eleetrocortical and physiological behavior. 
Cognitive Controls, N~gds and Mechanism§ of Defens~ 
·4 
In a later paper, Klein, on the basis of the psycho-
analytic concept of delay, theorized that cognitive controls 
determine the manner of disposal or rerouting of need and 
function as delay mechanisms in the sense of checking need 
satisfaction. A large segment of behavior i~ concerned 
4. G. S. Klein, Need and regulation. In M. R. Jones (Ed.) 
Nebraska Sympo~j_um on Motivatiml; Lincoln, Nebraska: Univ. 
Press, 1954, 224-274. · 
with need gratification, but a more central requirement 
of survival is that of relieving internal tensions with-
out sacrifice of effective adaptation to external condi-
tions. Cognitive contro~s play a major role in meeting 
this crucial demand: Klein states: 
"Cognitive control, as a delay mechanism, ex-
erts a force. Like a need it directs behavior 
but its central feature is not a discharge in 
consumatory actions. that bring gratification. 
Rather, it functions to resolve an immediate 
adaptive requirement. When a cognitive control 
is activated to cope with an adaptive demand 
and especially when a barrier to a need sati~­
faction is present, such processes of contr0l 
may also serve a timing function to the need' 
itself; they may engender delay of need grati-
fication •••••••••• ~epending on the perceived 
nature of the barrier, ·its qualities, and 
strength, the stee~ing effects that cognitive 
controls exert upon need may take differing 
forms: (a) they may determine the approach to 
need satisfaction, {~) may alter the consumma-
tory process, modify the intensity of the need 
itself, or draft the.energy of the need to some 
other adaptive intent·ion prominent in the situa-
·tion. n5 
In keeping with these ideas, he studied the relation-
ship between the flexible-cons.tricti ve dimension of control 
and the performance of thirsty and sated subjects in free 
association, size estimation, and tachistoscopic and 
. 6 
incidental recognition of thirst related stimuli. This 
experiment demonstrated that the effect of a need state 
5 • .Im..d.' p .270 
6. I.m.g. 
6. 
upon cognitive performance is partly a function of 
cognitive control• Thirsty and sated subjects did not 
differ in performance on the experimental tasks until the 
flexible-constricted principle of control was included as 
a variable. For example, on the size estimation task, con-
strictive subjects underestimated while flexible subjects 
were inclined teward overestimation canceling out the pre-
dicted effect of'drive (thirst). It was also observed that 
subjects were consistent in the type of control across the 
variety of experimental tasks. 
The results-of this experiment were confirmed in a 
7 
recent study by Hardison and Purcell. These authors found 
that there was no effect of stress (negative verbal rein-
forcement and threat of shock) on block designs perfor-
mance when individual differences in cognitive control were 
ignored. However, when the subjects were separated accord-
ing to cognitive control, the effect of stress appeared, re-
sulting in an increment of scores for some subjects and in a 
decrement for others. 
In.keepirig with Hartmann's distinction between those 
equilibrating forces which develop in the service of drive 
conflict and those which develop from autonomous, 
7. J. Hardison and K. Purcell, The effects of psychological 
stress as a function of need and cognitive control. J. Pers., 
1958, (27), 250-258. 
7. 
. g 
conflict-free ego functioning, cognitive controls are 
distinguished from mechanisms of defense. According to 
psychoanalytic theory the concept of defense mechanism 
requires an assumption that there is an intrapsychic 
conflict, and the process by which this struggle is re-
solved involves some transf0rmation of the aim of a need, 
resulting in at least some temporary distortion of .real-
9 
ity. Cognitive controls are not limited to situations 
of conflict. It is assumed that they function in ne~tral 
as well as in conflict situations and place neither restrict-
ions nor sanctions on need satisfying objects. 
In a comparison of control and defense, Holzman and 
. 10 
Gardner point out that both are inferred from patterning 
of cognitive functioning and are considered mediating 
structures. They state: 
"Defenses mediate between impulses and needs 
on one hand and the pressures of reality con-
straints and/or internalized attitudes that· 
conflict with impulses and need on the other ••• 
Cognitive controls mediate between purposes, 
intentions, and·need states on one hand and 
the adaptive requirements of a stimulus situa-
tion on the other.nll 
8. H. Hartmann, Ego psychology and the problem of adaptation. 
In D. Rappaport (Ed.). O;t:gaW,gjat;i..Qn and Pa.:Lh.Ql.Q,g~ Q! ~hQugh,:t. 
New York: Columbia Univ., 1951, 362-396. 
9. 0. Fenichel, The PsychQanal~ic Theo;ry: of~.JJRq_§.i§. 
New York: Nort0n & Co. Inc., 1945, Chapter X, 141-167. 
10. P. Holzman and R. Gardner, Leveling and repression. 
~~normL Soc. Ps~cho1, 1959, (59), 151-155 . 
11. .I:!2.1Q, .• ' p .151 
s . 
Th~ amtecedent condition of defense is a conflict between 
impulse and reality while the antecedent condition of cog-
nitive control is the specific adaptive requirement of a 
cognitive task. 
Despite these distinctions, both control and defense 
are conceptualized as organized in t~e ego control system. 
Consequently some. similarity of the two types of equili-
brating mechanisms may be expected. Holzman and Klein re-
cently reported an experiment demonstrating a significant 
correlation between "focusing," a cognitive control defined 
a·s a habitual maintenance of a set for narrowed and selec-
12 
tive attention, and the defense mechanism of isolation. 
In another study, Holzman and Gardner found a significant 
correlation between reliance on repression as a chief mech-
anism of defense and the leveling principle of cognitive 
13 
control. The nature of this relationship is unexplained 
by existing theory. These authors advanced four alterna-
tive hypotheses: 
(1) Control and defense are identical processes seen from 
two different vantag~ points; 
(2) they are different processes bearing traces of their 
common origin; 
12. P. Holzman and G. Klein, Motive and style in reality 
contact. Bull, Mgnnjnger Qlini~, 1956, (20), 181-191. 
13. Holzman and Gardner, op. cit., p. 155 
9. 
(3) contrGl is a consequence or the choice of defense; 
(4) derense relies partly upon control ror its execution; 
cognitive control principles, representing the basic sch-
emata or organization in adaptive behavior, may be pre-
conditions for the emergence of defensive structures. 
They favored the fourth alternative, concluding: 
n •••• derensive forgetting makes use of the 
memory apparatuses at the ego's disposal and· 
takes its form from the major·characteristics 
of these apparatuses. Both defense and adapta-
tion have been conceptualized as functions of 
the ego. Since the ego executes its functions 
via the available psychic apparatuses, the major 
characteristics of these apparatuses will be 
apparent in both defensive and adaptive activi-
ties. Thus if the tendency toward extreme assimi-
lation among the mental representatives of 
successively appearing stimuli is a relatively 
stable characteristic of a particular cognitive 
structure, this quality may be apparent not only 
when the apparatus is used adaptively but when it 
is used defensively as well. Knowing that a sub-ject relies chiefly upon repression for defensive 
purposes •••• , allows us to infer that leveling is 
a prominent mode of qognitive functioning.nl4 
The authors indicated that the n~ture of the relation-
ship may be clarified when developmental studies of the 
emergence of controls and defenses are completed. 
Dimensions of Co~itiye Control 
Several dimensions of cognitive style have been iso-
lated by an inductive technique involving an analysis of the 
behavior or extreme groups on tasks which emphasize one or 
14. IDid·, P• 155 
10. 
more adaptive properties. Hypotheses formulated to account 
for differences in the performance of those individuals with 
extremely high and those with extremely low scores on the 
initial task are cross validated on other tasks featuring 
the same adaptive property or properties. 
Among the dimensions isolated are "flexible constric-
15 16 
tive control," "focusing," trtolerance for unrealistic 
. 17 . 18 
experiences," 11 broad-narr0w equivalence range," 
. 19 . 20 
"physiognomic attitudes, 11 and "leveling-sharpening." 
While each of these dimensions has been considered as 
a separate principle of ego control, there seems to be some 
definitive overlapping of control principles. Gardner et al 
conducted a facto~ analytic study to define dimensions of 
15. G. Klein and S. Saloman, Cognitive attitudes in rela-
tion to need. Amer. Psychol., 1952, (7), 321-322. 
16. H~ J. Schlesinger, Cognitive attitudes in relation to 
susceptibility to interference. J. ~rs., 1954, (22), 
354-374. 
17. ·G ... Klein and H. J. Schlesinger, Perceptual attitudes 
towards instability: I. Prediction of apparent movement 
experiences· from Rorschach responses. J, Pers., 1951, 
(19), 289-302. 
18. R. W. Gardner, Cognitive styles in categorizing be-
havior. J. Pers., 1953-1954, (22), 16-19. 
19. D. Rubenstein, The development of a procedure for 
testing physiognomic perception. Unpublished Master's 
thesis. On file, Univ. of Kansas Library, 1952. 
20. G. Klein and P. Holzman, The schematizing process: 
Personality qualities and perceptual attitude in sensitiv-
~ty to change. Amer. Psychol., 1950, (5), 312. 
11. 
21 
control with greater precision. The dimensions included 
in this investigation were "leveling-sharpening," ttf'ocusing," 
"flexible-constricted," "equivalence range," and "tolerance 
f'or unrealistic experiences." In light of' similarities be-
tween cognitive control experiments and studies related to 
perception of' the upright, Witkin's dimension of field de-
22 
pendence-independence was also included. 
The predictor tasks of these dimensions, a total of 
r 
thirty-three measures, were used in the analysis. Five 
significant f'actors were obtained and interpreted as 
(1) tolerance for unrealistic experiences,·(2) focusing or 
scanning, (3) field articulation, (4) equivalence range, 
and (5) leveling-sharpening. These results indicate that 
the previously isolated control principles are relatively 
independent. The authors performed a cluster analysis which 
revealed that individuals have unique patterning or combina-
tions of controls. The peculiar nstylen of an individual 
refers to his combination of control principles. 
:J:he Leveling-Sharpening Princi;ple of' ~W 
The leveling-sharpening dimension was isolated in an 
21. R. Gardner et al, C.ognitive control.a 
ual consistencies in cognitive behavior. 
1954, (1), Monograph No. 4. 
A study of individ-
Psychol. Is§:IJ§.§, 
22. H. A. Witkin, ~l:§onality Through Eercw.i.Qn. New York, 
Harper, 1953. 
12. 
23 
experiment by Klein and Holzman. In this study, a task 
requiring successive comparison of squares of gradually 
changing dimensions (schematizing task) was u~ed to pre-
dict performance on Thurstone 1 s version of ~he Gottschaldt 
J 
figures, a camouflage test, a color contrast task, and 
Q-so!'t personality scales measuring thirteen traits. 
Ratings on the personality scales were made by the thera-
pists of. the subject~. The adaptive properties highlighted 
in these tasks are the ability to keep pace with a stimulus 
' 
whose dimension gradually incre~~es and to judge size ac-
curately, extraction of a Gestalt, and the ability to main-
tain saliency of figures against grounds. 
On the basis of the results of this study, leveling 
was defined as a tendency to 4~gifferentia~~he stimyl~ 
field by a redugtion o.f_ figwe-gro:und distinctions and lzy 
assimilating_new_stimuli tQ gn. existirtg_Qgminant organiza-
~iQU. The former leads to difficulty in extracting em-
bedded stimuli from a cohesive stimulus organization. The 
latter leads to failure in recognizing gradual changes in 
the stimulus field. The personality patter~ revealed for 
levelers is that of an exaggerated need for nuture and 
succor, pas~ive drtfting, self-abasement, retreat from 
objects, and avoidance of competition or of situations re-
quiring active manipulation. 
23. Klein, The personal world through perception. 
Sharp~ning was defined as a heiEbtening of figure-
grqund distinctions reflected in greater §ensitivity to 
§mbedded stimuli, exagge~a!iQn_of changes, and an explQit: 
ation o~ differences in the_fielQ. The personality pat-
tern at this extreme of the dimension is that of exhibi-
tionism, competitiveness, high level of aspirations, and 
great need for autonomy. 
As further validation of leveling and sharpening, 
24 
Klein and H:olzman made predictions to individual diff-
erences in the assimilative effects of interpolated 
st~muli upon time error in visual brightness judgments. 
Assimilative effects refer to distortions in the judg-
ments of stimuli compared successively when a stimulus of 
a different magnitude is interpolated between standard and 
comparison stimuli. 
In his classic e.xperiments in successive comparison, 
25 
Kohler explained the occurrence of time error in_terms 
of brain field gradients. Re assumed that the magnitude 
of two stimuli that are compared do not exist as discrete 
sensations... The first stimulus sets up in a particular 
regio~ of the brain an electrochemical process or trace. 
-------------------------------------------------------------· 
24. G. Klein and P. Holzman, Cognitive system-principle 
of leveling and sharpening: Individual differences in 
visual time-error assimilation effects. J. PsyQhol., 
1954, (37), 105-l22. 
25. K. Koffka, Principl~~_Qf Ge§talt ps~Qbology. New 
York: Harcourt, Brace, 1935, 465-528 
This process has a definite course and fades after an 
interval of about three seconds. A successive stimulus 
sets up a similar process and a difference of potential 
or gradient exists between the first and second excita-
tion. Due to a step-up gradient .or potential leap be-
tween the fading initial trace and the trace of the 
second excitation~ the second stimulus is experienced 
as stronger (Negative time error). In addition, since 
the trace reaches maximum strength shortly after stimula-
tion, when there is an interval of less than three 
seconds bet~een the standard and comparison stimuli, a 
step-down gradient exists. Conseque~tly, the second 
(comparison) stimulus is experienced as weaker (Positive 
time error). 
26 
In elaborating Kohler's theory, Lauenstein hypo the-
sized that adjacent traces do not merely fade but assimi-
late toward each other. He demonstrated that an interpolated 
stimulus of greater intensity than the compared st~muli pro-
duces a trace which assimilates to its level the trace of 
the standard stimulus (Positive time error). However, with 
a less intense or weaker interpolated stimulus, the trace 
26. P. Holzman, Cognitive attitude of leveling-sharpening 
in time error assimilation tendencies. Unpublished Ph. D. 
Thesis, Univ. of Kansas, 1952. 
of the standard assimilates downward and the compar~son 
stimulus is experienced as stronger (Negative time error). 
27 
Klein and Holzman predicted that since leveling is 
a persistent tendency to minimize differences and fuse 
similar stimuli while sharpening is a tendency to maxim-
ize differences and to keep st~uli discrete, assimilative 
effects in visual time error would be greater for levelers 
than for sharpeners. The prediction obtained~ In a later 
2S 
study, Holzman found that this difference between level-
ers and sharpeners in assimilative effects in visual time 
error is consistent in both auditory and kinesthetic 'time 
error. The tendency toward leveling or sharpening re-
mained relatively stable in subjects over a number of 
months. 
The factor loadings £or the leveling-sharpening 
dimension of control as revealed in the study by Gardner 
29 
et al are summarized in Table I. These investigators 
concluded that high factor scores (leveling) indicate re-
latively simple undif~erentiated memory organization in a 
variety of situations. 
-----------------------------------------------------
27. Klein and Holzman, J. Per~., 1954, (37), 105-122. 
2S. P. Holzman, The relation of assimilation tendenqies in 
visual, auditory and kinesthetie time error to cognitive 
attitudes of leveling and sharpening. J. Pers., 1953, 
(22), 375-394-
29. Gardner et al, QD· ci~ 
16. 
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TABLE I 
MEASURES WITH HIGH LEVELING-SHARPENING 
FACTOR LOADING 
Per.formancev 
Measures Loadings of Levelers 
on Tasks~~ 
SIZE ESTIMATION: Perceptual .71 Overestimation 
SCHEMATIZING: Within Series. 
Ordinal Accuracy -.68 Inaccuracy 
FREE ASSOCIATION: Average Length 
o.f Unit .67 Long units 
ANISEIKONIC LENSES: Log Recogni-
tion Time .65 Long latency 
KINESTHETIC T.E.: Assimilation .65 Much assimilation 
r • 
FREE ASSOCIATION: % Distant Dry 
Responses 
-.5o Close associations 
SCHEM!TIZING: Increment Error .47 Extreme lagging 
STROOP COLOR WORD: Reading Time 
o.f Colors .45 Slow reading 
FREE ASSOCIATION: %Home 
Responses 
-.38 High variability 
EMBEDDED FIGURES: Mean Log Time .38 Long Solution time 
*A multiple regression method was used to obtain an estimated 
.factor score .for each subject. The leveling tendency is in 
the direction o.f high .factor scores. 
Betroactive Inhi~ltiqn 
Drawing upon the Kohler-Lauenstein trace explanation 
of time error to account for the greater assimilation ef-
fect for levelers, Klein and Hol~man hypothesized that 
leveling is, associated with relatively more permeable and 
weaker trac,e boundaries, a condition which would facilitate 
assimilation and gradient reduction among traces. On the 
other hand, sharpening is associated with brain fields in 
which boundaries are more easily sustained making for pre-
servation of' distinction and differentiation among traces. 
They concluded that whether or not assimilation occurs de~ 
pends upon 'Cognitive style which reflects org~izing prin-
ciples of the ego which govern not only perception but also 
.30 
brain field. dynamics • 
.31 
Holzman, on the basis of this hypothesis, predicted 
that leveling and sharpening are relevant to other situa-
tions in which firmness of boundaries between stimuli can 
be varied, not only in perception but in other behavioral 
modalities. He suggested the traditional retroactive in-
hibition paradigm as one such situation in the area of 
learning and retention • 
.30. Klein, The personal world.through perception • 
.31. Holzman, J. Pers., 195.3, (22), .391-.392. 
18 .. 
Retroactive inhibition (RI) refers to a decrement in 
the recall or relearning of a learned act attributed to the 
learning of a second act between the time of the original 
learning and recall. The traditional learning paradigm is: 
S1 - R1, Sl - R2, 81- R1 • This phenomenon~;~ been a major 
research topic since th.e turn of the century. Most investi-
gators exp~ain retroactive inhibition in terms of competi-
tion, interaction, or interference of original.(OL) and 
interpolated learn.ing (IL). In the Gestalt tradition, 
33 . 34 
Kohler, Koffka, 
35 
and also Pratt explain this interfer-
ence in terms of the interaction between the neural 
correlates of original and interpolated stimuli. It should 
be noted that these investigators explain time e~ror 
assi~ilation in almos~ identical terms. 
Association theory makes no explicit assumptions 
about neuro-physiological processes in explaining this 
. 36 
phenomenon. For example, McGeoch and Irion attribute 
32. s. H. Britt, Retroactive inhibition: A review of the 
literature. Psychol. Byll,, 1935, (32), 381-440. 
33. W. Kohler; DynamiQs in Psycho~. New York: 
Liveright, 1940. 
34. K. Koffka, OD• ~~ 
35. c. Pratt, The time error in psychophysical. judgments. 
,Amer, J. Psychol.,. 1933, (45), 292-297. 
36. ~. McGeoch and A. Irion, The Psychology of Human 
Learning. New York: Longmans, Green, 1952. 
19. 
37 
RI to competition between responses. Melton and von Lackum 
accepted the competition explanation but presented evidence 
., 
that the unlearning of R1 as R2 is being learned is an add-
.38 itional factor. Osgood, using a stimulus generalizatiGn 
model, presents a more comprehensive competi~ion theory 
which explains negative and positive transfer as well as RI. 
This theory assumes that bo"th stimulus generalization be-
tween original and interpolated learning, and conditioned 
inhibition of a response as its opposite is learned, are 
involved in retroactive inhibition~ 
•39 
Osgoodts theory also clarified an issue which had 
•. 
been a major source of controversy among investigators -
the effect of similarity between original and interpolated 
learning upon amount of RI. On the basis of his .findings 
and a review of previous s.tudies, he hypothesized that 
interferen~e in learning may be either an incr~asing or 
decreasing function of similarity between original and 
interpolated learning materials depending on the S-R 
relationship in materials successively practiced: 
37. A. W. Melton and W. J. von Lackum, Retroactive and 
proactive inhibition in retention: evidence £or a two 
factor theory of retroactive inhibition. Am~~ J. PsychQl., 
1941, (54),, 157-173. 
38. C. E.· Osgood, Method and !Cll§.QI:y in EXJ;lerimgntal 
£sycholo~. New York~· Oxford Univ. Press, 1953, 520-548. 
39. c. E. Osgood, The similarity·paradox in human learning: 
A resolution. fsychgl. Rev., 1949, {56), 132-143· 
20. 
u (1). Where stimuli are varied and ,responses are 
functionally identical, positive transfer and re-
troactive facilitation are obtained, the magnitude 
of both increasing as the similarity among the 
stimulus members increases~ 
(2). Where stimuli are functionally identieal 
and responses are varied, negative transfer and 
retroactive interference are obtained, the mag-
nitude of both decreasing as similarity between 
responses increases. 
(3). When both stimulus and response members 
are simultaneously varied, negative transfer and 
retroactive interference are obtained, the magni-
tude of both increasing as the stimulus similarity 
increases." 40 
Leyeling-shar~ening and R~troactive Inbibition 
41 ..... . 
Holzman, taking cognizance of the trace and compe-
tition theories of RI, suggested that levelers, because 
of the assumption of more fluid or permeable trace bound-
aries and the observed tendency to minimize differences 
and fuse stimuli, should display a greater amount of RI 
than sharpeners. There have been few studies of indivi-
dual consistency in approach to perception, learning and 
42 
memory. In one of these few studies Golin and Baron 
presented subjects with a retention task (serial learning, 
recall and relearning of nonsense syllables) and a per-
ceptual task (Gottschaldt figures) to determine whether 
40. Ibj.d. 
41. Holzman, J. fers., 1953, (22), 391-392. 
42. E. S. Golin and A. Baron, Response consistency in 
perception and retention. J. Exper. P§~., 1954, 
(47), 259-262. 
21. 
they would respond consistently in the two situations. 
They found a significant correlation between amount rec~lled, 
speed of relearning, and Gottsehaldt time scores. Subjects 
who were low on relearning trials and high on amount re-
called tended to locate hidden figures more rapidly. In 
the light of the relationship between leveling-sharpe~ing 
and Gottschaldt performance, this study seems to lend some 
support to Holzman's speculations. 
In one of the few studies which have related cognitive 
43 
control to retention, Kaplan found a relationship be-
tween "tolerance for unrealistic experiences" and a memory 
s~tuation, supporting the generality of this principle of 
control to memorial behavior and suggesting that this prin-
ciple also applies to learning. He found t~at subjects who 
displayed greater intolerance of instability in an aniseikonic 
lenses recognition task were less efficient in recalling the 
equivocal elements of stories containing internal contradic-
tions and nonsequential episodes. 44 ' 
Siegal investigated the relationship between level-
ing-sharpening and amount of retroactive inhibition in serial 
learning of nonsense syllables. Although he demonstrated 
43. J. Kaplan, Predicting memory behavior from cognitive 
attitudes toward instability. Amer. fsychol., 1952, (7), 322. 
44· R. s. Siegal, The leveling-sharpening system principle, 
serial learning, and retroactive interference. Unpublished 
Ph. D. Thesis, Univ. of Kansas, 1957. 
22. 
that sharpeners learned more evenly than levelers, he 
failed to find significant differ~nces between levelers 
and sharpeners in amount of retroactive inhibition, in 
general intelligence test scores, and in rate of acquisi-
tion and frequency of errors in serial learning. In an 
attempt to account for the absences of differences, he 
proposed that rote serial learning by the anticipation 
method is too structured and too limited in opportunity 
for assimilation to observe the effects of the leveling-
sharpening principle. He suggested a reinvestigation 
using a different method of learning and symbolic or 
more meaningful learning materials which may permit a 
greater degree of assimilation. The present study is a 
follow-up of Siegal's suggestion. 
23. 
CHAPTER III 
STATEMENT OF PROBLEMS 
1. Leveling-sharpening and Retroactive Inhibition. 
This study is concerned with the relationship between 
the leveling-sharpening dimension and retroactive inhibition 
and also with an investigation of two additional problems 
which may clarify the nature of this relationship. The 
major hypothesis to be tested. in this study is that a tend-
ency toward leveling, in the leveling-sharpening dimension, 
is associated with greater assimilation between memory 
traces resulting in greater retroactive inhibition. In 
1 
keeping with Siegal's. suggestiqns, this study uses a 
paired associates learning situation and meaningful 
learning materials. 
2. Degree of Meaningful Similarity between Original and 
Interpolated Learning. 
2 
Previous studies indicate that levelers, to a greater 
extent than sharpeners, tend to focus on similarity of cues 
in organizing the stimulus field. Degree of meaningful 
similarity qetween OL and IL materials is an important de-
.3 
terminant of amount of RI. _ S,ince levelers and sharpeners 
l. Ibid. 
2. Klein and Holzman, J. PsyQbQl., 1954, (37), 105-122. 
3. Osgood, Method and Theory in Ex~erimental Psyghology, 
530-533. 
differ in response to similarity, the relationship between 
this principle of cognitive control and RI may be influenced 
by the degree of similarity between original and interpolated 
learning. Therefore, an additional concern of this study is 
the relationship between the leveling-sharpening dimension 
and amount of RI as a function of meaningful similarity be-
tween OL and IL. 
Holzman's hypothesis re~arding leveling-sharpening and 
RI is couched in the language of the Gestalt trace theory of 
memory which maintains that (1) interference in memory is a 
function of degree of assimilation between traces of original 
and interpolated learning; and that (2) trace assimilation 
is a function of degree of organization of stimuli and de-
25. 
4 
gree of similarity between original and interpolated stimuli. 
The more similar and less organized are the two sets of 
stimuli, the greater will be the assimilation between traces. 
The theory is not explicit about the relative contribution 
of stimuli similarity and organization to assimilation. 
5 
However, its basic assumptions seem compatible with Osgood's 
theory which is specific about how similarity relates to 
degree of organization. This theory maintains that depend-
ing on the learning paradigm, similarity between stimuli 
may make for more or less organization in learning. His 
-------------------------------
4· Ibid., 551-554 
5. lQid., 530-533 
postulate which applies to this study states: Under 
conditions of learning in a retroactive inhibition task 
where stimuli remain constant but responses are varied 
(81-R1, 81-R2, 81-R1) the magnitude of RI decreases as 
similarity of responses increases. Further, due to re-
sponse generalization, when a similar R2 is interpolated, 
every increment in the tendency for the 8 to evoke that 
R2 generates a generalized increment for that 8 to evoke 
R1 • Therefore, interpolation of a similar R2 results in 
a minimum o~ RI. When an opposed or dissimilar R2 is 
interpolated, there is a minimum of response generaliza-
tion and, in addition, condition inhibition of the 
opposed R2 is involved. Consequently, with every incre-
ment in the tendency for a 8 to evoke the opposed or 
dissimilar R2 there is a simultaneous increment of 
inhibitory tendency for that 8 not to evoke R1 during the 
recall period. 
26. 
Osgood's postulate is supported by his experi-
6,7,8,9 ·10 -11 
ments and by those of Young, Bugelski, and 
12 
Underwood. These studies have demonstrated that when 
R units in IL are varied while S units remain constant, 
the amount of RI increases as similarity between OL and 
IL decrease's. 
It is reasonable to assume on the basis of Osgood's 
postulate and the empirical findings related to similar-
ity of IL that both levelers and sharpeners will suffer 
some decrement in relearning, when the RI paradigm is one 
of constant S and varied R units. However, sharpeners, be-
cause of their heightened figure-ground distinction and 
------------,-------~---
6. lli.Q.. 
7. C. E. Osgood, An investigation in the causes of retro-
active inhibition. J. Exper. Ps~hgl., 1949, (38), 132-143. 
8. C. E. Osgood, Meaningful similaritY. and interference in 
learning. J. Exper._£sychol., 1946, (36), 227-301. 
9. c. E. Osgood, The similarity paradox in human learning. 
~sychol~R~~., 1949, (56), 132-143. 
10. R. Young, Retroactive and proactive effects under 
varying conditions of response simdlarity. ~EZD~· · 
g~chQ1., 1955, (50), 113-119. 
11. B. R. Bugelski, Interference with recall or original 
response after learning of new responses to old stimuli. 
1· Exper._£sychgl., 1942, (30), 368-379. 
12. B. M. Underwood, Effort of successive interpolation 
in retroactive and proactive inhibition. ~h.Ql. 
Mgnog~., 1945, (59), No. 273 
,:;. ( . 
their tendency to exploit differences and to be more 
accurate, should be less affected on the relearning task 
by any variation in the IL material. 
3. The Relationship between Leveling-sharpening and 
Learning Ability. 
In any test of retention, learning must be considered. 
Previous studies have demonstrated that RI is influenced 
by such factors as rate and strength of learning and the 
13 
type of practice situation involved. These factors 
either should be controlled or included in an investiga-
tion of the relationship between cognitive control and 
amount of RI. Therefore, a third concern of this study 
is the relationship between leveling-sharpening and learn-
ing ability. 
Leveling-sharpening has been associated with the re-
tention of learned material. Since the process of trace 
formation involves the maintenance of partially organized 
traces, it is reasonable to assume that the leveling-
• sharpening principle applies to the process of learning 
as well as to memory. In addition, since the antecedent 
condition of a principle of cognitive control is the 
adaptive demand of a task, other principles of control 
may also influence learning and leveling-sharpening may be 
28. 
13. Osgood, Method~ng Theory in E~ngrimental Psychology, 537-542 
related to some aspects of learning but not to others. 
Two previous studies suggest that this cognitive control 
applies to variability of learning rather than strength 
14 
or rate of acquisition. In one of these studies, Siegal 
found that sharpeners tend to learn a list of words evenly 
while levelers, to a greater degree, tend to learn some 
words more quickly than others. He explained this find-
ing in terms of the leveler's tendency to be influenced 
by dominant, stimuli in the field and inability to relin-
quish well-established frames of reference. 
"If an anticipation developed on the basis o:f 
a salient stimulus •••• is too heavily 'weighted,' 
•••• or in other words, too preoccupying or too 
demanding of attention, new anticipations may 
not be readily developed. The outcome of such 
processes would be fewer errors in learning 
salient stimuli and a relatively high error 
frequency in learning other stimuli •••• " 
"This aspect of leveling-sharpening would seem 
to be most adequately conceptualized in terms · 
of deployment of attention. Sharpeners seem 
to deploy attention relatively evenly while 
levelers seem to invest att~ntion in anticipa-
tions stemming from salient stimuli to the 
degree that they become relatively unable to 
assimilate further stimuli in order to revise 
existing anticipations and develop new ones.u 15 
Siegal's assumption that leveling-sharpening applies 
to variability of learning rather than rate and strength 
·------------- ------·-----------· 
14. Siegal, op. cit~ 
15 • .Iru.9.. ' 68-69 
29. 
16 
is supported by the findings of Gardner and Long. 
In the present study, it is hypothesized that the 
correlation between leveling-sharpening and rate and 
strength of learning is not significant. 
The theoretical and empirical concepts presented 
can be summarized for the purpose of this study in two 
theoretical propositions and one empirical proposition. 
The hypotheses to be tested derive from these statements. 
The theoretical propositions are: 
A. The leveling-sharpening dimension of cognitive 
contr0l is associated with the strength and 
permeability of memory trace boundaries; the 
leveling extreme of the dimension reflects a 
condition of more permeable and weaker trace 
boundaries than the sharpening e~treme. 
B. Retroactive inhibition is a result of interference 
between separate memory trace units. 
The empirical proposition is: 
C. Under conditions of learning in which the stimulus 
units remains constant while the response units are 
varied, the greater the similarity between response 
units in the original and in the interpolated learn-
ing materials, the less the retroactive inhibition. 
The specific hypotheses to be tested are: 
1. The amount of retroactive inhibition increases as 
the tendency towards leveling·increases. 
2. The increment in amount of retroactive inhibition 
as interpolated learning (IL) becomes less similar 
to original learning (OL) increases as the tendency 
towards leveling increases. 
16. R. Gardner and R. I. Long, Leveling-sharpening and 
serial learning •. Percept, Mot. akil~, 1960, (10), 179-185. 
30. 
3. There is no relationship between the leveling-
sharpening dimens.ion of cognitive control and 
learning ~bility. 
3l. 
A. fu!Qjects 
CHAPTER IV 
METHODS AND PROCEDURES 
Ninety white female student nurses enrolled in schools 
of nearby hospitals served as subjects. Twelve subjects ser-
ved in a pilot study conducted to refine techniques, one sub-
ject did not complete all of the tasks, and the remaining 77 
participated in the experiment proper. 
The age range of the subjects was 18 to 27 years with a 
median age of 19. Nursing school records were checked to elim-
nate subjec:ts with uncorrected visual defects. 
The study was defined for the subjects as an experiment 
in perception. 
B. Task.§ 
1. Schematizing Test 
1 
This task, a procedure developed by Holingsworth and 
2 
adapted by Holzman and Klein required the subjects to 
judge squares that changed gradually but cons~stently in 
size. Fourteen squares ranging from one to eighteen inches on 
each side were projected on a screen one at a time and judged 
for size in inches. The five smallest squares were pro-
jected first, and each of the five were seen three times in 
1. H. Holingsworth, The central tendency of judgment in experi-
mental studies of judgment. Arch, PsycnQl., 1913, No. 29. 
2. Klein and Holzman, ~sychol., 1954, (37), ioS-109. 
' 
32. 
random ordetl:'. Then, without the subjects~. knowledge, the 
smallest square was removed and one larger than ~Y prev-
' iously seen was added. This series of five squares also 
was presented three times, one at a time, in random order. 
This proces~s continued with the addition of a larger square 
per series until all 14 squares were judge~ in 10 series 
for a total of 150 judgments. 
Schematizing test scores 
Leveling-sharpening was de~ermined by the following 
scores: 3 
(1) Within Ser1~s Ordinal Accur~~ (AccuracYll This score 
was computed by determining the number of times (in per-
centage terms), for the total number of 150 trials, that 
each stimulus was appropriately positioned, within the 
series in which it occurred, in relation to the four other 
stimuli of the series. For example, the test protocol was 
divided into 10 series of 15 judgments each. Then, each of 
these series was further sub-divided into three series of 
5 judgments each. We asked the question, "How often was 
the largest square of each series assigned the highest 
scale value for that series"? Then, we asked the number of 
times the fourth, or next largest square, was correctly 
positioned; the number of times.the third, or middle 
square, was appropriately judged the third largest; the 
second, the second smallest; and the first, or very 
smallest, actually judged as the smallest. This yielded 
five sub-scores, one for each within series position; 
taking all of the 150 judgments into account. Thus, we 
had the number of times the subject correctly positioned 
the largest stimuli, the next largest, etc. These scores 
were expressed as a per cent (the number of correct place-
ments divided by 150 maximum correct placements). A 
conservative criterion of accuracy was followed; thus, 
two stimuli within a series given the same rating or rank 
were considered equally inaccurate. 
3. Holzman, Cognitive attitudes of leveling and sharpening 
in time error assimilation tendencies. 44-47. 
33. 
A reliability coefficient may be obtained by correla-
ting averagre accuracy of all second sub-series with average 
accuracy in·all third sub-series~ The product moment 
correlation, corrected by-the Spearman-Brown formula was 
.87 in a previous- sample.4 
Sharpening is characterized by high and leveling by 
low Within Series Ordinal Accuracy score. 
5 (2) Mean% Increment Error (Accuracy Loss): The mean 
shift score was devised to reflect the degree to which sub-jects approximate the trend increase in size during the 
course of the experiment. This score was computed as 
follows: 
(a) Using the actual size of the stimuli, the percent increas~ 
of each of the nine series means over the mean of the first 
series was determined by the formula, 
Mean Mean 
series2 - ser1es1 
Mean series1 
+ 
. 
... 
Mean Mean 
series3 - series1 ____________________ etc • 
Mean series · 
1 
"Se.ries" mean refers to the average size of the five stimuli. 
Series 1 contains the smallest f~gures, and Series 10 cqn-
tains the l'argest. This computation yielded a nine-point 
trend line (in per cent increment terms) describing the objec-
tive shift in series mean. 
(b) The same procedure was followed, using the judgments of 
stimulus sizes by each subject (Series mean refers to the 
mean of 15 judgments, three for each of the five figures in 
the series). This yielded a trend line for each subject 
which was c.ompared with the per cent increment values of the 
actual stimuli. 
(c) Each subject's per cent increment for each series was 
then subtra,cted from the actual stimulus per cent increment 
for each of the nine series (two through 10). This yielded 
a set of nine error scores for each subject. (Odd-even 
reliability for these error scores was found to be .98). 
(d) The average of these nine scores is a mean per cent 
increment error score for each subject. 
------------·---------------------------- ______ , ____________ _ 
4· .IIDJi. 
5 • .I:Qj.g. 
Leveling is characterized by high and sharpening by 
low per cent of accuracy lost as stimuli are moved from 
largest to smallest position in the series. A correlation 
of -.34, P less than .01, was obtained between Mean % Incre-
ment Error and Within Ordinal Accuracy scores. This is not 
statistically different from the correlations of -.27 and 
-.41 reported in other studies.6 
(3) Combined Schematizing Score. In previous studies, the 
distribution of bot~ Within Series Ordinal Accuracy score 
and Mean % Increment Error were divided in half and those 
subjects who fell in the upper half of the Accuracy and the 
lower half of the Accuracy Loss distributions, were called 
sharpeners. Those who fell in the lower half of the Accuracy 
and the upper half of the Accuracy Loss distributions were 
called levelers and the remaining subjects were discarded. 
In this study the Mean % Increment Error distribution was 
inverted so that the sharpening end of the range is represented 
by high and the leveling end of the range by low scores on 
both the Accuracy and Accuracy Loss distributions. After 
both distributions were transformed to standard scores, the 
Accuracy Loss score of each subject was added to her 
Accuracy score so that each subject could be represented by 
a single value. It was assumed that this combined value 
' represents a point on a dimension of leveling-sharpening 
control. 
Apparatus 
A copy ef the original 35 mm film strip of this task 
6. Siegal, op. cit. 
7 
used by Holzman was cut and placed on Airequipt slides. 
A 35 mm, 500 watt, Argus Electromatic slide projector, 
placed 15 f'eet from a screen, was set automa t:i.cally to 
expose a square for three seconds and blank slots were 
left in the slide magazine to create an interval of 7! 
seconds between exposures. This interval was of suffi-
cient l~ngth to enable E to change magazines without 
breakin~·the time sequence of exposure. 
The room in which the subjects were tested was 
darkened as completely as possible and the screen on which 
the squares were projected was black and 25 inches square. 
In order to make the field as homogenous as possible and 
to eliminate.~any cues which might aid subjects :i.n their 
estimations, the screen w&s draped with dark cloth. Seats 
were arranged in the room to eliminate lateral displacement 
from the screen. 
faired=Associate_eJ&§,rnin_g Tag 
This w.as patterned after a retroactive inhibition 
8 
task used qy Osgood. It involved the learning, by the 
anticipation method,. of nine paired-associates in which 
the S units' were letter pairs, i.e. nc.m.tt and the R units 
were commo~ two syllable adjectives. In the interpolated 
--------------- ·---------------
7. Holzman, Cognitive at~~tudes of leveling and sharpening 
in time error assimilation·tendencies. 
8. Osgood, J. Ex~~~ fsychol., 1946, (36), 227-301. 
36. 
lists, the S units were identical to those used in the 
original task but the R units are adjectives with three 
degrees of meaningful similarity (high, medium and low) 
to the original words. 
In Osgood's task; degree of similarity of R units in 
OL and IL was scaled roughly by a group of 20 judges. The 
lists in this study involve a more refined scaling based on 
9 
Haagen's word list of 480 common adjectives rated along the 
dimensions of similarity of meaning (M), closeness of associa-
tive connection (A), vividness of connotation (V), and famil-
iarity (F). This word list of two syllable adjectives is 
composed of 80 groups of six related words (five words and a 
common standard word.) The relationship between the five 
. 
words and the standard in each group was rated on a scale 
from 0.5 to 6.5 on each of the four dimensions. The (A) and 
(M) dimensions are highly correlated (.90). 
The interpolated lists in this task were composed of 
three R2 words with average (M) value of 1 .• 1 in relationship 
to the original word; three with average (M) value of 2.3 
and three with average (M) value of 3.8. Vividness and 
familiarity were held constant for interpolated words. The 
R1 and R2 words appear in Table II. 
9. C. H. Haagen, Synonymity, vividness, familiarity and 
association value ratings of 400 pairs of common adjectives. 
,J:. PS,J!Chol., 1949, (38), 13.2-154. _. 
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ORIGINAL 
STIMULI RESPONSES 
T.L. INSANE 
H.X. RUR4L 
K.Z. DISTANT 
Z.H. LIQUID 
S.N. FOREMOST 
B.V. AWKWARD 
w.c. URGENT 
V.K. ROYAL 
Q.R. BELOVED 
TABLE II 
WORD LISTS 
INTERPOLATED RESPONSES 
LIST I LIST II LIST III 
MANIC BALMY cRAzy 
COUNTRY PEASANT FARMING 
FAR-OFF FURTHER REMOVED 
JUICY SOLVENT FLUID 
HIGHEST LEADING TIP TOP 
CLUMSY GRACELESS UNCOUTH 
ACUTE PRESSING REQUIRED 
RULING STATELY REGAL 
PREFERRED CHERISEED ESTEEMED 
38. 
In order to insure that each of the nine OL words was 
interpolated by an adjective of each of the three degrees 
of meaningful similarity, three different IL lists were 
used. These lists were designed so that in one IL list a 
particular original word was interpolated by an adjective 
that was highly similar to the original, in a second list 
by an adjective that was moderately similar, and in the 
third list by one that was of low similarity. Subjects 
wer~ divided into three sub-groups that were equated for 
numbers of trials to criterion on the OL list. Each of 
these sub-groups was assigned a different IL list. Alth-
ough all subjects did not receive the same ±t list, this 
design insured that each OL response was,interpolated by 
three IL words, each representing one of the three degrees 
of meaningful similarity. These lists and their (M)t, (A), 
(V) and (F) ratings appear in Table III. 
Measures 
The measure used for computing amount of RI in this 
10 
task was latency or average speed of r.esponding. Osgood 
used latency as an index of habit strength and demonstrated 
that it can be used to obtain a more sensitive measure of 
RI than number of correct responses. In this study, RI is 
defined as a decrement in relearning of an initial task 
lO •. Qsgood, J. Exper. Psychol., 1949, (38), 132-154. 
3~. 
TABLE III 
SYNONYMITY, ASSOCIATION, VIVIDNESS AND FAMILIARITY 
RATINGS OF INTERPOLATED RESPONSE WORDS 
List I List II 
M. A. V. F. M. A. V. F. 
MANIC 2.4 2.2 2.2 1.2 BALMY 3.6 3.1 2.7 0.6 
COU~TRY 0.9 0.7 4.1 o.5 PEASANT 3.5 2.6 3.5 o.6 
FAR-OFF 1.0 1.1 4.6 o.5 FURTHER 3.7 4.0 5.4 o.6 
JUICY 3.7 3.3 3.2 o.5 SOLVENT 2.5 1.7 2.8 o.6 
HIGHEST 2.2 2.1 3.2 0.6 LEADING 1.4 Oo9 2.5 o.5 
CLUMSY 1.1 o.a 2.7 o.6 GRACELESS 2.0 2.5 3.6 0.7 
ACUTE 2.3 1.6 2.1 o.5 PRESSING 1.4 1.0 1.9 o.5 
RULING 3.9 3.5 3.7 o.6 STATELY 2.4 1.7 2.7 o.6 
PREFERRED 4.2 4.4 3.4 o.6 CHERISHED 1.1 1.2 2.2 0.6 
AVERAGE 2.3 2.19 3.24 .64 2.3 2.6 3.16 .57 
4J.. 
TABLE III (Continued) 
List III 
M. A. v. F. 
cRAzy 1.2 o.8 2.6 o.5 
FARMING 2.a 1.0 4.4 o.5 
REMOVED 2.3 1.0 5.2 o.5 
FLUID o.8 1.4 2.8 o.a 
TIP TOP 3.3 2.5 3.4 0.9 
UNCOUTH· 3.9 3.8 2.8 0.9 
RE'tUIRED 4·4 2.3 2.5 o.6 
REGAL 1.1 1.3 3.0 o.a 
ESTEEMED 2.4 2.4 2.5 0.7 
AVERAGE 2.3 2.08 3.24 .67 
that is attributed to the learning of a second task inter-
polated between the lea~ning and relearning of the initial 
task. Percentage of RI was computed from the difference 
between average speed of responding during OL and the re-
learning of OL, i.e. 
% RI = X=fi (100), where 
R 
R equals score on last trial of OL and X equals average 
speed of responding for the five relearning trials. This 
is the traditional saving score. 
Saving scores were computed for all words in the list 
(total RI score). Then substituting in this fdrmula the 
average latency of the three OL words interpolated by high, 
medium or low similarity adjectives, saving scores were 
computed separately for each IL condition (high, medium and 
low similarity). A constant was added to the percentage to 
eliminate minus scores. Since a negative correlation was 
predicted between Sche.matizing Test and saving scores, each 
of the distributions of saving scores, was inverted to 
facilitate statistical computation. High saving scores 
equals low amount of retroactive inhioition. This inverted 
saving score, for the purposes of this study, is called the 
"RI score." 
When a subject failed to respond or gave an incorrect 
response that was not corrected during stimulus exposure, 
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latency was tabulated as three seconds, the tota~ exposure 
time o~ the stimulus. 
Two measures o~'learning ability were obtained in this 
task: (1) the number of trials to criterion on OL was used 
as a measure of apeed o~ learnin~, and (2) average latency 
of response on the last trial of QL was used as a measure 
o~ strength of learning. 
Alm.S!.r.s.:tus 
Paired-as.sociates were typed in red capital letters 
on transparent paper, placed in slides and projected on a 
screen in ~ront of S by the 35 mm slide projector used in 
the Schematizing task. The projector was set automatically 
to expose the stimulus member ~or three seconds followed 
by exposure of both stimulus and response members for three 
seconds. The interval between presentation o~ pairs was 
six secondst. ThiTty seconds elapsed between trials and 
the serial order of the nine pairs within a list was varied 
for each tr·ial. 
Average speed of responding was recorded in hundredths 
of seconds by a standard electric timer attacned to a 
Gerbrands Electronic Voice Key. The timer was activated 
by a microswitch attached to the arm of the slide projector. 
The inward movement of the projector arm pulled the switch 
to the "ontt position. 
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C. PROCEDURES 
1. Session One 
Groups of 8 to 10 subjects were administered the Schemat-
izing test. They were told that the experiment was a study in 
perception and the experimenter read aloud the rollowing 
instructions which were exposed on the screen: 
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"We wish to see how well you can judge the size of 
squares. Wetre going to show you a number of squares 
on the screen, and w.e want you to· tell us how big they 
are." 
"The squares may range anywhere between one inch and 
eighteen inches. This doesn't mean you'll necessar-
ily get a square which is one inch or eighteen inches, 
though you may. But the squares will always be some-
where within this range." 
"To help you judge the size of the squares, we will 
show you what a one inch square looks like - the 
smaller end of the range, and what an eighteen inch 
square looks like - the larger end of· the range.tr 
The one inch square and the 18 inch square were exposed 
for about five seconds; 
/ 
The instructions continued: 
"We will show them to you ag~in." 
"You will see 150 squares during the cour.se of the 
hour, and you have 150 numbered spaces on your sheet. 
write your estimation of the size of each square in 
its own numbered space. Thus for square number one, 
record its size in inches next to number one, etc." 
~on't go back over your judgments to change them. 
In changing them you are more likely to be inaccurate. 
Please don't compare your estimates with anyone or 
make any comment during the hour. Make your judg-
ments independently." 
UNow, to remind you once again of the range in 
which the squares will fall, we will show you 
again the smaller and the larger ends of the 
r a.J;lge." 
The 1" and the 1gn squares were then exposed twice 
allowing five seconds for each exposure. 
rrNow we are ready to begin. You will see each 
of the ~allowing squares for only a few seconds. 
Look at it all the time it is on the screen and 
make your estimation when it disappears. The 
next square you will see will be one." 
This ~ask took approximately fifty minutes. The sup-
jects entered their judgments on a mimeographed form and a 
five minute rest period followed each set of 40 judgments. 
2. Session Two 
The subjects were seen individually for the paired-
associates learning task one to three weeks later. The 
instructions were as follows: 
"You are going to be given a list of paired-
associates to learn. Paired-associates are two 
words which are learned together so that when the 
first word of a pair appears on the screen, you 
must say the word that goes along with it, as 
qu:tckly as possible, into the microphone." 
"In this list, we have substituted a couple of 
letters for the first word in a pair, e.g. ·"C.M." 
The letters are paired with an adjective such as 
"Happy·.'~' -You must learn to say "Happy" whenever 
nc.M." appears on the screen.u 
"The pairs will always be shown in the following 
way: First, just the letters will be shown and you 
must say the correct adjective. Next,_ regardless 
of your response, the letters will be shown along 
with the correct adjective. Let us try a sample 
list for practice. When the letters are·show.n 
with an adjective, say both of them out loud." 
Following two trials on the practice list, the instructions 
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continued: 
tt'Now, let us begin the learning list. There are 
n~ne pairs, and we are going to go through the list 
several times until you learn them all. The first 
time through say the letters out aloud when you · 
first see them~ Then when the adjective appears, 
say it out aloud.~' 
After the first trial, the subject was told: 
nFrom now on, when the letters appear alone, try to 
recall the adjective and say it out aloud into the 
microphone as quickly as you can." 
All subjects learned an identical OL list to a criterion 
of two successive perfect trials. Sixty seconds after this, 
each subject learned one of the three IL lists to the same 
criterion as the OL list. Sixty seconds following IL, each 
subject was given five relearning trials on OL • 
.Q~X of HJ:potb,ese.§., Measures and PrediQt;i.ons 
The specific hypotheses, measures and predictions ela-
borated in ·the preceding discussion may be summarized as 
follows: 
SPECIFIC HYPOTHESES 
(1) 
(2) 
(3) 
The amount of retroactive inhibition inere~ses as 
the tendency towards leveling increases. 
The increment in amount of retroactive inhibition 
as interpolated learning (IL) becomes less similar 
to original learning (OL) increases as the tendency 
towards leveling increases. 
There is no relationship between the leveling-
sharpening dimension of cognitive control and 
learning ability. 
INDEPENDENT VARIABLES 
46 .• 
(1) The leveling-sharpening dimension of cognitive control. 
(2) Degree of meaningful similarity between OL and IL (high, medium, low). 
DEPENDENT VARIABLES 
(1) Amount of retroactive inhibition. 
(2) Rate of learning. 
(3) Strength of learning. 
MEASURES 
S chgm.s tiz,in,g 
la. Combined Schematizing score. 
lb. Within Series Ordinal. Accuracy score (Accuracy). 
lc. Mean % Increment Error (Accuracy Loss}. 
Retroactive_lnhibitiQn 
2a. Total RI score. 
2b. High Similarity RI sc0re. 
2c. Medium Similarity RI score. 
2d. Low Similarity RI score. 
Learning 
3a. Number of trials to criterion on the original learn-
ing list. 
3b. Average latency on the last trial of the original 
learning list. 
PREDICTIONS 
1. The correlations between Schematizing test scores 
and Total RI scores are significantly greater than 
zero. 
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2~ The correlations between Schematizing scores and RI 
scores increase as similarity decreases. 
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3a. The correlation between Schematizing test scores and 
number of trials to criterion on original learning 
(OL) is not significantly greater than zero. 
3b. The correlation between Schematizing test scores and 
average latency on the last trial of original learn-
ing (OL) is not significantly greater than zero. 
CHAPTER V. 
RESULTS 
On the basis of number of trials to criterion on OL, 
subj~cts we~e assigned randomly to one of three IL lists. 
Table IV shows the results of an analysis of variance of 
average number of trials to criterion of subj~cts assigned 
to each of the three IL lists. For 2 and 74 degrees of 
freedom, F.95 equals 3.12. Since the obtained F value is 
statistically not significant, the assumption of equality 
of number of trials to criterion between IL list groups is 
tenable. 
Leveling-shar~en!ng_gnd RetroactiYe.Inhibition 
Prediction: The correlations betw~en Schematizing 
scores and total RI scores are significantly greater than 
zero.· 
Table V shows the results for this prediction. The 
Combined Schematizing scores correlated .41 with total RI 
scores. For 77 subjects, this correlation has a P value of 
less than .Ol. "Total RI scores for all words correlated .25 
with Within Series Ordinal Accuracy (P less than .05) and 
.36 with Mean% Increment Error (Pless than .01). The 
predicted relationship between Schematizing test scores 
and total RI scores is confirme4. 
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TABLE IV 
ANALYSIS OF VARIANCE OF NUMBER OF 
TRIALS TO CRITERION ON ORIGINAL 
LEARNING FOR SUBJECTS GIVEN 
Total among 
Total within 
Total 
IL LIST I, II OR.III (N=77) 
ss 
.0426 
2.45.53 
2.4979 
dF 
2 
74 
76 
2 
s 
.0213 
.0332 
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TABLE V 
CORRELATIONS BETWEEN SCHEMATIZING 
SCORES AND RETROACTIVE INHIBITION 
FOR ALL WORDS (N=77) 
Sehematizing Measures 
Within Series Ordinal Accuracy 
Mean % Increment Error 
Combined Schematizing Scores 
* Probability less than .o5 
~~~ Probability less than .01 
Total RI Scores 
The ComQined Effect of Leveling-shar]gning and Degree of 
Meanin&fYl Similaritl-DPon Ret~act~ve Inhibition 
Typical of latency measures, there was a massing of 
scores in the direction of low latency in the distribution 
of RI scores for high, medium_as well as low similarity 
words. However, appropriate log transformations normalized 
these distributions. 
l:!:.EliU.Qti.Q11..2: The correlations between Schema tizing 
sqores and RI scores increase as similarity decreases. 
The results for this pred~ction appear in Table VI. 
The correlation between Within Series Ordinal Accuracy 
scores and RI scores is not significantly greater than zero 
for any degree of meaningful similarity. However, the corr-
elation between Mean % Increment Error and RI scores for 
high, medium and for low similarity words are respectively 
.22, .23 and .23. These corr.elations are all statistically 
significant with P values of less than .05. Since the diff-
erences between them are obviously insignificant, tests of 
significance were not performed. 
The correlation between Gombined Schematizing scores 
and RI scores for high, medium and low similarity words are 
respectively .26, .26 and .23. These correlations also are 
significantly greater than zero with P values of less than 
.05, but obviously not significantly different one from the 
other. On the basis of these statistics, the prediction is 
52. 
TABLE VI 
CORRELATIONS BETWEEN SCBEMATIZING SCORES 
AND RETROACTIVE INHIBITION SCORES FOR 
EACH DEGREE OF MEANINGFUL SIMILARITY 
Schematizing Measures Retroactive Inhibition 
High Medium 
Similarity Similarity 
Within Series 
Ordinal Accuracy .18 .18 
Mean % Increment Error .22~~ .23* 
Combined Schematizing 
• 26~t- .26if Scores 
*Probability less than .o5 
Measures 
Low 
Similarity 
.12 
.23* 
.23* 
not confirmed. 
In order to clarify these statistics, an additional 
analysis was carried out. Table VII contains the correla-
tions between number of trials to criterion on OL and saving 
scores for each degree of meaningful similarity. Previous 
studies have demonstrated a significant relationship be-
l 
tween rate of learning and retroactive inhibition. The 
correlation of .40 for high similarity, .26 for medium 
similarity and .16 for low similarity words suggest that 
the effect of rate of learning upon amount of interference 
decreases as similarity between IL and OL decreases. Since 
speed of learning is positively correlated with amount of 
RI, this differential effect of rate of learning may have 
obscured an interactive effect of leveling-sharpening and 
degree of meaningful similarity upon retroactive inhibition. 
To evaluate this possibility, partial correlations between 
Combined Schematizing scores and RI scares for each degree 
of meaningful similarity with rate of learning held constant 
were computed. As shown in Table VIII, the partial correla-
tions for high, medium and low similarity words are respect-
ively .29, .27 and 23~ The trend of these correlations is 
opposite to the prediction of an increasing relationship 
between leveling-sharpening and amount of interference as 
1. McGeoch and Iron, ~~· 
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TABLE VII 
CORRELATIONS BETWEEN RETROACTIVE INHIBITION 
SCORES AND NUMBER OF TRIALS TO CRITERION 
ON ORIGINAL LEARNING 
Retroactive Inhibition Measures 
Total Saving Scores 
High Similarity RI Scores 
Medium Similarity RI Scores 
Low Similarity RI Scores 
*i~Probability less tJ:ian .01 
Number o£ Trials to 
Criterion on OL 
.16 
TABLE VIII 
CORRELATIONS BETWEEN COMBINED SCHEMATIZING 
SCORES AND RETROACTIVE INHIBITION SCORES 
FOR EACH DEGREE OF MEANINGFUL SIMILARITY 
WITH NUMBER·OF TRIALS TO CRITERION 
HELD CONSTANT 
Degree o~ Meaning~ul Similarity Partial Correlations 
High Similarity .29* 
Medium Similarity 
.27* 
Low Similarity 
.23* 
;~Pzaobabili ty less than .o5 
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meaningful similarity decreases. However, there is no 
reliable statistical technique for testing the signifi-
cance of differences between partial correlations obtained 
from the same sample. Thus both the original and the 
additional analyses infirm Prediction 2. 
Leveling-sharpening and Learning 
Prediction 3a: ~he correlations between Schematizing 
scores and number of trials to criterion on OL are not 
significantly greater than zero. 
The distribution of number of trials to criterion is 
skewed with a massing of scores towards high number of trials. 
A log transformation corrected this distribution to near 
normality. 
Table IX contains the correlations between number of 
trials to criterion and each of the three Schematizing 
measures. Since none o~ the correlat~ons differ significantly 
from zero, the predicted absence of relationship between 
Schematizing scores and rate of learning is confirmed. 
Prediction 3b: The correlations between Schematizing 
scores and aver.age latency on the last trials of OL are not 
significantly greater than zero. 
The distribution of average latency on the last .trial 
of OL is skewed in the direction of low average latency but 
was normalized by a log transformation. A correlation of 
57. 
TABLE IX 
CORRELATIONS BETW;IDEN SCHEMATIZING 
SCORES AND NUMBER OF TRIALS TO 
CRITERION ON OL· (N=77} 
Schematizing Measures 
Within Series 
Ordinal Accuracy 
Mean % Increment Error 
Combined Schematizing Scores 
Number Trials to 
Criterion on 
Original Learning 
-.03 
-.06 
-.01 
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TABLE X 
COR~TIONS BETWEEN SCHEMATIZING SCORES AND 
AVERAGE LATENCY ON THE LAST TRIAL OF OL 
Schematizing Measure5 
Within Series 
Ordinal Accuracy 
Mean % Increment Error 
Combined Schematizing Scores 
Average Latency on 
Last Trial of 
Original Learning 
-.01 
-.02 
-.03 
• 13 (P equals .26) between this measure. and number o~ trials 
to criterion on OL suggests that the two learning measures 
are relatively independent. 
Results ~o~ this prediction appears in Table X. None 
of the correlations is significantly greater than zero, and 
the predicted absence of relationship between Schematizing 
scores and strength of learning is con~irmed. 
&dd;tional Resul~s 
Degree ~f Meaningful Simila~it~ and Retroactive InhibitiQn 
·2 
Ks discussed in preceding sections, Osgood's theory, 
which has empirical support, predicts that ~or the learning 
paradigm of this study, RI increases as degree of meaningful 
similarity between OL and IL decreases. An analysis 0f var-
iance was performed to determine if the results of this study 
are consistent with previou~ findings. The Combined Schemati-
zing distribution was divided from high to low scores into 
three schematizing groups (high, medium, and low). The high 
and medium group~ contain 26 subjects each and the low group 
includes the remaining 25 subjects. The results of this 
analysis appear in Table XI. The fourth row of this table 
has relevance to Osgood's postulate. At F.95 ~or 2 and 148 
degrees of freedom, an F value of 3.06 is required. The 
obta-ined value indicates that differences in degree of 
----------------------------------·---------- ·--------------
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2. Osgood, Method and Tb@or~ in EXDetimental fsxchQlQg~, 530-533 
TABLE XI 
ANALYSIS OF VARIANCE OF RETROACTIVE 
INHIBITION SCORES FOR SCBEMATIZING 
GROUPS AND DEGREE OF SIMILARITY (N=77)* 
Source ss dF s2 F 
Schematizing 
.8,518 .42.59 3.89 Groups 2 
Subjects in 
8.1094 74 .109.5 Same Group - ~ 
Total 
Between 
Subjects 8.9612 76 
Similarity .0671 2 .0335 
Similarity X 
.1788 4 .0447 Schematizing 
Pooled Subjects. 
6.7808 148 .04.58 X Similarity 
Total Within 
Subjects 6.9814 1.54 
Total 1.5.9208 230 
*(Log Transformation) 
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F.9,5 F.99 
3.12 
3.08 
1.84 
meaningful similarity between OL and IL did not produce 
differences in amount of interference •• Thus, the results 
of this study are not consistent with previous ones in re-
gard to the effect of similarity upon amount of RI • 
.!h.§ R§J..stionship "Q~.tween CombinruLQ.Qhematizing an.!LBI Scol:§s 
for Subjec~~-Assign~.!Lt2-D1ffergnt_I1_Lists 
The correlations between Combined Schematizing scores 
and high, medium and low similarity RI scores for subjects 
as.signed IL list I, II or III appear in Table XII. By in-
spection, the relative ranking of correlations for List III 
seems to differ from that of Lists I and II. The greatest 
apparent difference exists between the rankings for high 
similarity words. It is possible that inadequacies of 
meaningful similarity scaling and/or some other features of 
Lists III may account for this difference. 
As a test of the possibility that List III was masking 
an interaction between schematizing and similarity, an analy-
sis of variance was conducted with the RI scores for the 
group ass~grted to the third list omitted. The 52 subjects 
assigned to Lists I and II were separated into two groups on 
the basis of the Schematizing distribution. For this 
analysis, the 26 subjects in the upper half of the distribu-
tion were considered as "sharpeners" and those 26 in the 
lower half were called "levelers·" Results are summarized 
in Table XIII. For the test of interaction between 
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TABLE XII 
CORRELATIONS BETWEEN COMBINED SCHEMATIZING 
SCORES AND SAVING SCORES FOR SUBJECTS 
ASSIGNED INTERPOLATED LEARNING 
LIST I, II OR III' (N=77) 
613, .• 
Retroactive Inhibition Scores Combined Schematizing Scores 
List I List II List III 
Total RI Scores .34 .50 .46 
High Similarity RI Scores .28 .37 .12 
Medium S~milarity RI Scores .26 .29 .37 
Low Similarity RI Scores .25 .26 .25 
similarity and leveling-sharpening,· an F value of 3.19 is 
required at the .05 level for 2 and 48 degrees of freedom. 
The obtained value of F does not meet this criterion for 
. 
significance. Thus, even with the heterogeneous list ex-
cluded, the degree of meaningful similarity did not have a 
significant influence upon amount of interference ~or this 
sample. The analysis summarized in Table XIII also.permits 
a further evaluation of the lack of confirmation of Osgood's 
theoretical notions regarding similari.ty and RI, since the 
third list might also have masked this relationship. However, 
the main effect of similarity is again not ·significant. 
Figure 1. is a graphic presentation of t~end lu1es of 
mean RI scores for leveling and sharpening groups. Th~ 
mean RI scores of each degree of meaningful similarity for 
sharpeners are closely clustered. This is not the case for 
levelers; towards the leveling end of the range the trend 
rises steeply for high similarity words, less for medium 
similarity words, and least for low similarity words~ While 
the analysis of variance reveals that this apparent inter-
action between similarity and leveling-sharpening is not,. 
statistically significant ~or the sample used in this e~eri­
ment; the direction of means with decreasing similarity is 
highly suggestive. 
~~rQaQtive Inhibition and rate of Learning 
The correlation between Total RI scores and number of 
TABLE XIII 
ANALYSIS OF VARIANCE OF RETROACTIVE 
INHIBITION SCORES WITH IL LIST III 
EXCLUDED ( N=.52} 
Source ss dF s F 
Schematizing 
.5391 Groups l .5391 7.86 
Subjects in 
34326 50 686 Same Group 
Total Between 
Subjects 39627 .51 
Similarity .574 2 287 1.07 
Similarity 
781 X Groups 2 390 1.46 
Pooled Subjects. ~o -IT -
X Similarity 26716 100 267 
Total Within 
Subjects 28071 104 
Total 67698 1.5.5 
F.9.5 F.99 
7.17 
3.09 
3.09 
Mean Percent 
Saving 
-24 
-22 
-20 
-18 
-16 
-14 
-12 
-10 
-8 
-6 
-4 
Sharpeners Levelers 
high 
medium 
low 
FIGURE 1. -THE MEAN RI SCORES OF SCHEMATIZING GROUPS 
FOR EACH DEGREE OF MEANINGFUL SIMILARITY 
(RAW SCORES, NOT INVERTED). 
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trials to criterion on OL appears in the first row of 
Table VII. This correlation of .41 has a probability of 
less than .01. In light of the absence of a statisti-
cally significant relationship between the leveling-
sharpening dimension and rate of learning, this correla-
tion is an important finding. It confirms that the 
leveling-sharpening principle of control and rate of 
learning are relatively independent predictors of the 
amount of interference in retention. 
67. 
CHAPTER VI 
DISCUSSION 
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The results of this study support the general pro-
position that the leveling-sharpening dimension o~ cognitive 
control is associated with the strength and permeability of 
memory trace boundaries; the leveling extreme of this dimen-
sion reflects a condition of more permeable and weaker trace 
boundaries than the sharpening extreme. Those subjects who 
displayed a consistent tendency to minimize differences and 
reduce figure-ground distinction in the perceptual task 
(levelers) also displayed a high amount of fusion and in-
terference among responses in the retroactive inhibition 
task. Similarly, those subjects whose perceptual behavior 
was characterized by resistance to assimilation or greater 
sensitivity to differences, changes and embedded elements 
in the stimulus field (sharpeners) were also relatively more 
immune to the interfering effects of the interpolated learn-
ing list in the retroactive inhibitionmemory situation. 
A frequent problem in the design of retention studies 
involving nego" or other mediation constructs has been the 
failure to separate the ef~ects of learning upon recall on 
one hand and the e~fects of control or drive variables on 
1 
the other. The retentive difference between subjects with 
1. Osgood, Method and Theory in Experimental Psychology, 
570-587. 
leveling and sharpening tendencies, as revealed by this 
study is not a function of learning ability as measured by 
rate and strength of acquisition. Fast, slow, strong and 
weak learners are found just as frequently among levelers 
as among sharpeners. The locus of the difference between 
levelers and sharpeners in recall and relearning seems to 
be in maintenance rather than establishment of memory traces. 
A significant re.lationship was obtained between OL and 
·RI as well as between Schematizing and RI. Since S.chemati-
zing and OL are not significantly related, the leveling-
sharpening principle of cognitive control seems to play as 
important a role as learning ability in determining prone-
ness to interference in memory. 
The adaptiveness of either extre~e of the leveling-
sharpening principle of control is emphasized by the fact 
that neither leveling nor sharpening is associated with 
retardation in the acquisition of relationships. However, 
the findings leave unanswered the question of whether or 
not leveling or sharpening may be advantageous or handi-
capping in special kinds of learning situations. For 
example it is likely that leveling may be detrimental in 
tasks requiring segregation of highly similar elements or 
fine discrimination of cues. On the other hand, levelers 
may have an advantage over sharpeners in tasks that are 
~acilitated by generalization among cues. 
The linking of leveling-sharpening to a traditional 
memory situation further demonstrates that this principle 
of control is an important variable that should be con~ 
sidered in the study of interference in memory. This 
linkage has special relevanee to the Association theory 
of memory since the bulk of the evidence supporting the 
Associationistic explanation of forgetting is derived from 
retroactive inhibition experiments. Further, the finding 
that Schematizing scores can be meaningfully scaled along 
a dimension permits this variable to be controlled or in-
cluded, increasing precision in the study o~ memorial 
behavior. 
While the primary inquiry of the study is answered by 
the data, many questions are raised. The crucial point of 
enigma centers around the inconclusive evidence for the 
hypothesis of an interactive effect of leveling-sharpening 
and degree of meaningful similarity upon amount of inter-
ference. This inconclusiveness may be associated in some 
way with the failure to find differences in the amount of 
interference for words interpolated by high, medium and 
low similarity responses. In fact, the second hypothesis 
was based in part upon the assumption that amount of inter-
ference would vary with decreasing meaningful similarity of 
interpolated to orig~~al responses. 
Turning to the design of the experiment, the small 
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number of items withi~ each c~tegory of similarity is one 
obvious factor which may have contributed to the failure of 
degree of similarity to differentiate. The inclusion of only 
three words per degree of meaningful similarity may have pro-
duced low reliability 
:2 
of validity. Osgood 
3 
of measurement and consequent lowering 
used five words for each category, and 
4 Gladis and Braun used seven. Young employed a repeated 
··~ measurement design in which each subject was given three 
retroactive inhibition tasks in succession. The inter-
polated lists in each of these tasks were of a different 
degree of meaningful similarity in relationship to the 
original list. 
A second possible contributing factor is the differ-
ential effect of rate of original learning upon amount of 
interference for high, medium and low similarity inter-
polations. As indicated ~nrTable VII, subjects who learned 
the original list· most rapidly tended to have less inter~ 
ference when high similarity responses were interpolated, 
but this advantage w~s, lost when low similarity words were 
interposed. The ~artialing o~t of this advantage did not 
2 • I.h1Q.. ' p • 707 
3. M. Gladis and H. Braun, Age differences in transfer and 
retroaction as a function o~ intertask similarity. J. Expet. 
f~ychQl., (55), 1958, 25-30. 
4. R. Young, Retroactive and proactive effects under varying 
conditions of response similarity. J~_Ez~r. PsyghQl., 1955, 
(50)' '113-119. 
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appreci~bly change the correlations between leveling-sharpen-
ing and amount of inter£erence for the three degrees o£ 
similarity. When the dif£erential effect of learning was 
partialed out, the rank order of these correlations shifted 
toward greater interference with increasing similarity, but 
this direction is opposite to the predicted ranking. There-
fore, differential rate o£ learning can not account for the 
inconclusiveness. 
The role of intra-list similarity in the interpolated 
material is a third factor in the design that may have con-
tributed to the failure of degrees of similarity to 
5 
differentiate. Underwood has demonstrated in a series of 
studies that structural or connotative similarities between 
items within an interpolated list influence the amount of 
interference 'in recall and relearning or original learning 
material. Table III indicates that IL list III in this 
study has three response units beginning with the letter 
"R" and two with the letter 11F". The OL list has two res-
ponse words beginning with 11R" and one with 11F11 • It is 
possible that thes~ structural similarities within List III 
and between this list and the original learning material may 
have been an additional source of facilitation and/or inter-
£erence that confounded the expected effect of degrees of 
5. B. J. Underwood, Intralist similarity in verbal learning 
and retention. E§ychol! Rev., (61), 160-166. 
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meaningful similarity upon amount of retroactive inhibition. 
The difference between List III and Lists I and II in the 
relative ranking of correlations between leveling-sharpening 
and saving ~cores as revealed in Table XII presents evidence 
supporting this possibility, Nevertheless, since the pre-
dicted effect was not found when List III was excluded from 
the analysis, intra-list similarity is not sufficient alone 
to account for the failure to confirm Osgood's f~nding. 
A fourth contributing factor may be the high degree of 
original and interpolated learning permitted by this design. 
In summarizing studies of the effect of degree of learning . 
upon amount of interference in'recall and relearning, 
6 
Osgood states that interference becomes maximal when both 
OL and IL l~sts are learned to approximately equal but 
moderate degrees. The range of saving scores for the sample 
used in this study is small with a ~assing of scores in the 
direction of minima~ interference. A less demanding criter-
ion for original and interpolated learning may have permitted 
higher levels of interference, resulting in a wider range of 
scores and in amplification of differences in the amount of 
retroactive inhibition for degrees of meaning_ful similarity. 
Fail~e of degrees of meaningful similarity to dif-
ferentiate greater and less interference may stem ~ot only 
·-------------------------·--------------------------
73 .. 
6. Osgood, ~thod and !n~o~y in_E&peri~al ~sycholog~, p. 539. 
from the unforseen complications of the experimental design 
but also from the. inadequacies of Osgood's empirical laws. 
These laws and their diagrammatic expression in the trans-
. . 
fer and retroactive model envolved from a summary of avail-
able empirical evidence. Generally, Osgood's model accounts 
for all the data accumulated at the time of its construction, 
but it is schematic and not mathematically precise. For ex-
ample, the model predicts that with constant stimuli, in-
creasing similarity of responses results in dec~easi~g 
intexfer.ence, but it does not spell out this inverse relation-
. 
ship in quantitative terms. What is the precise form of this 
function? Is it linear, or simply monotonic? In addition, 
the empirical laws are based on evidence gathered from a 
great variety or supjects and in experiments using different 
techniques and materials, The model also calls for learning 
materials .in which both stimuli and responses are scaled on 
a continuum but such scaling is not yet available. 
·7 . 
Bugelski and Cadwaller, in a test of Osgood's ~ostu-
lates, used the. s~me subjects and materials to evaluate all 
aspects of the transfer and retroactive model. Their find-
ings confirmed Osgood's first and thl~d postulate but tailed 
·to support the second law which is pertinent to this stuqy. 
7. B. Bugelski and T. Cadyv~l~~r, A =r.eappraisal of the 
transfer and retroaction surface. ~-~~er. Ps~c~., 1956, (52), 360~-366. 
Rather than a decline of interference with increasing 
similarity between R units in OL and IL, these investiga-
tors found an increasing amount of retroactive inhibition. 
As R units decreased in similarity from the point of 
identity, interference increased, lessened as the point 
of neutrality was approached, and was least with opposed 
Rs. This finding i.s consistent with the Skaggs-Robinson 
hypothesis which states that as similarity between inter-
polation and original.memorization is reduced from identity 
to near identity, retention falls away to a minim~. With 
further decreasing similarity retention increases but it 
' 8 
never reaches the level obtained with maximum similarity. 
Bugelski and Cadwaller suggested that Osgood's second 
tJY 
empirical. law be thrown out of modified to state: 
"Where stimuli are functionally identical and 
responses are varied, negative transfer and 
-retroactive interference are obtained, the 
magnitude of both first increasing and then 
decreasing as similarity between the responses 
decreases.'' 9 
In addition to its relevance to this study, Bugelski 
and Cadwaller's finding revives the similarity paradox 
which Osgood was assumed to have solved. This paradox has 
been a .bone of contention and a subject of numerous experi-
ments since the formulation of the Skaggs-Robinson hypothesis. 
------- -----· 
8. E.. s. Robinson, The nsimilarityn factor in retroaction. 
,Amer, J'. Ps~chol., 192.7, (.39), 297-312. 
9. Bugelski and Cadwaller, ~· cit., p • .365. 
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These experiments have given only partial confirmation of 
the hypothesis with many inconsistencies from study to study. 
The results of the present investigation confirm neither 
Osgood's postulate nor the Skaggs-Robinson generalization. 
However, the rank order of mean RI scores for high, medium 
and low similarity interpolation is in the direction of the 
Skaggs-Robinson prediction. 
Despite the absence of a statistically significant 
interaction between cognitive control and degree of mean-
ingful similarity, Fig. 1. does suggest a new approach to 
the similarity paradox. Failure to consider variations in 
the control principles of subjects in previous investiga-
tions may be a source of inconsistencies and contradictions 
about the role of similarity in learning and retention. 
Depending upon the predominant control principle of subjects 
in a particular sample studied, the evidence relating to the 
effect of similarity between OL and IL R units upon amount 
of retroactive inhibition may fluctuate between the situa-
tion predicted by Robinson and that predicted by Osgood. 
For example, an experiment with a sample of predominantly 
leveling subjects may support the prediction of greatest 
interference with high similarity interpolation. On the 
oth~r hand, a predominantly sharpening sample may show 
either an absence of significant difference between inter-
polated material of various degr~es of similarity or a 
shift in the direction of greater interference with low 
similarity interpolation. 
Holzman's neurophysiological speculation, that cogni-
tive controls are general regulating principles which guide 
and give uniqueness to the way in which the neural correlates 
o~ all sense data distribute, also receives some con~irmation 
in the ~indings o~ this study. The relationship o~ level-
ing-sharpening to the occurrence o~ assimilation in memory 
as well as perception and judgment supports the assumption 
that cognitive controls govern brain ~ield dynamics,, i.e. 
changes occurring in neural traces. Nevertheless, the regu-
lation o~ n-eural correlates of sensory data by principles of 
cognitive control remains predominantly speculative and the 
limitations of support·in this study should be emphasized. 
One reservation applies to the n,europhysiologieal status 
o.f the concept of memory trace. Although there is consid-
erable evidence confirming the existence o~ traces or some 
similar type of dynamic unit o~ storage in the_brain, the 
neural correlate of this concept remains questionable. 
The statement that cognitive control principles 
regulate neural traces is not to be construed as referent 
to an homunculus who puppets cerebral processes; it is 
assumed that cognitive controls are expressions of inte-
grating mechanisms of the brain. The crux of Holzman's 
speculation is the existence of general principles of 
regulation in personality which find expres.sion in all 
behavior whether neural, motor, memorial, learning, 
77. 
conceptual, emotional, etc. 
Another reason fox caution is the questionable status 
of Gestalt neurophysiological formulations from which 
Holzman's assumption is derived. While the Gestalt position, 
perhaps more than any other, has generate~ a variety of 
research relating behavior to speculations about the struc-
ture and functioning of the brain, its formulations, at 
several points, are at variance with the findings of 
·modern neurophysiology. A cruci~l point of variance is 
I 
the Gestal tists' insi.stence upon a brain of electrochemical 
fields without specialization of neural pathways. 
Despite these reservations, the linking of such psy-
chological concepts as cognitive control to neurophysio-
logical theory is a desirable goal for personality research; 
the proposition that all behavior is rooted in the brain 
finds widespread acceptance. However, from the point of 
view of generating new hypotheses and further validating 
the findings of this study, it may be fruitful to trans-
late assumptions about cognitive control-brain relation-
ships into the language of a neuropsychological system 
' 10 
such as Hebb's. This system includes a more neuro-
physiologically precise concept of memory trace and implies 
the existence of regulating mechanisms such as may be 
78. 
10. D. c. Hebb,..Qr~anizatiQ...ll._Q..f Behavior,. N .. Y.: Wiley, 1949. 
expressed in the leveling-sharpening principle of control. 
Reviewing the numerous studies of cognitive controls, 
11· 
Gardner et al suggested that it is in the regulation of 
attention that the influences of cognitive controls may be 
most apparent. By "attention," these investigators refer 
to the psychoanalytic process of hypercathexis o~- attention-
1~ 
cathexis. Psychoanalytic ego psychologists assume that' 
an idea which otherwise has access to consciousness but 
is not conscious, requires attention-cathexis or an addi-
tional charging by reality-attuned drive to enter awareness. 
Consciousness is conceptualized as a matter of the distri-
bution of attention-cathexis which are available only in a 
fixed quantity. It is assumed that the attainment of 
attention-cathexis refers in part to establishing connec-
tion between a process and its memory trace. Gardner et al, 
13 
and also Siegal associated leveling-sharpening with att-
ention availability; the fixed amount of attention-cathexis 
may be relatively low in levelers, limiting their capacity 
for concentration. This limitation may account for the 
relatively greater interaction between percepts and traces 
in levelers. 
11. R. Gardner et al, o~. c~. 
12. D. Rappaport, (Ed.)., ~anizstiQD and_Eathology of 
!hought~ New York: Columbia Univ., ~951; 689-730. 
13. Siegal, op. cit. 
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Imnlications ~or EYtur~ese~gh 
The summary of results and the discussion which 
followed raised severa~ questions that may be elari~ied 
by future research. The fin~ing of consistent although 
not statistically significant differences between leveling 
and sharpening subjects in the relative effect of degrees 
of meaningful similarity upon amount of retroactive in-
hibition seems to warrant further research in this area. 
A study of the interaction of control principle and 
response similarity in determining retro~ctive inhibition 
may clarify inconsistent findings related to the effect of 
similarity on amount of interference. Apparent complica-
tions in the design of the p~,es'ent study suggest that such 
factors as learning ability, degree of acquisition and 
amount of learning material s.hould be adequately controlled 
in reinvestigation. 
Further study of the r~lationship between leveling-
sharpening and learning is also suggested. Although 
leveLing-sharpening is not relevant to the learning of 
paired-associates, it is conceivable that individuals 
at different extremes of this dimension of cognitive con-
trol may have an advantage or disadvantage in acquisition 
depending upon the adaptive requirements of the learning 
situation involved. For example, sharpeners may possess 
an advantage in a discrimination task while levelers may 
learn more ~eadily in a situation featuring generalization 
80. 
of response. 
Finally, the assumed;~elationsh~p between leveling-
,., ~J.t:~) 
sharpening and attention availabiiity seems to require 
,' to 
systematic explication. One approach to this hypothesis 
may be a study of the efrect of an artificia~ly induced 
reduction of level of consciousness upon a sharpening 
tendency. If sharpening refers to a condition of greater 
attention availability, one would expect a diminution of 
the sharpening tendency with lowered level of consciousness. 
14 
Kle~in has demonstrated an increase in characteristic 
regulation tendency with increase in drive. 
----------------------------------- ---------------·-----
14. G. S. Klein and P. Saloman, .QD..L.cit. 
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CHAPTER VII 
SUMMARY 
This study was designed to investigate an hypothesized 
relationship between the leveling-sharpening dimension of 
cognitive control and amount of retroactive inhibition. 
The hypothesis was derived fro~ research related to the 
concept of cognitive control and the interference theory 
of memory. An additional concern of this study was that 
of differences in amount of retroactive inhibition for 
leveling. and sharpen~1g groups as a function of degree of 
meaningful similarity between original and interpolated 
learning. 
Iheo~et1cal Con~de~~tions 
The concept of cognitive ·controls was proposed by 
Klein and his associates to account for consistencies in 
the manner that individuals organize stimuli in cognitive 
tasks. In developing a theoretical model which focuses on 
the role of the perceiver in perception, these investiga-
to~s postulated that inqividual differences in the adaptive 
prope~ties of the perceptual apparatus such as threshold 
and organizing time reflect the executive direction of the 
Ego control system. They assumed that the unique modes of 
ego integration, which develop from th~ initial direction 
toward mastery of physical stimulation, are expressed in 
stylistic patterns of learning, memorial, motor, conceptual, 
S2, 
physiological and electrocortical, as well as perceptual 
behavior. 
The leveling-sharpening dimension of cognitive con-
; 
trol was isolated in a study by Klein and Holzman_ The 
leveling extreme of this dimensien is defined as a ten-
dency to de-differentiate the stimulus field by a reduction 
of figure ground distinction and by assimilating new 
stimuli to an existing dominant organization. The sharpen-
ing extreme refers to a heighteni~g of figure ground 
distinctions and a tendency to exploit differences and 
exaggerate changes in the stimulus field. Making predic-
tions from this principle of cognitive control:to the 
assimilative effects in time error observed by Kobler and 
Lauenstein, Holzman found that the leveler's tendency to 
.minimize differences and fuse similar stimuli predisposes 
him to greater assimilation in kinesthetic and auditory 
as well as visual time error. 
Drawing upon the Kohler-~auenstein trace explanation 
of time error to account for the greater assimilation effect 
for levelers, Holzman speculated that the leveling-sharpen-
ing dimension of c9gnitive control is associated with the 
strength and permeability of memory trace boundaries; the 
leveling extreme. of the dimension reflects a condition of 
more permeable and weaker trace boundaries than the 
sharpening extreme. He predicted that leveling-sharpening 
is relevant to assimilation-proneness in other situations, 
83. 
such as a retroactive inhibition task, in which firmness 
of boundaries between stimuli can be varied. 
Retroactive inhibition is explained by memory theorists 
as involving either interaction between memory traces or 
interference between.response tendencies. Osgood, in his 
transfer and retroaction surface, postulated a set of 
empirical laws which explains both transfer and interference 
phenomena in terms of response generalization and condi-
tioned inhibition of opposed responses. This theory main-
tains that in learning situations in which S units are 
held constant but Rs are varied, interference increases as 
meaningful similarity between R units in OLand IL decreases. 
Combining thi~ postulate with·the assumption of greater 
assimilation-proneness among levelers, it was predicted 
that the increasing interference between Rs as IL becomes 
less similar to OL is greater for levelers than for sharp-
eners. Previous studies ind:Lcated that while amount of 
retroactive inhibition is a function of the rate and strength of 
original learning, leveling-s~arpening is not significantly 
related to these aspects of acquisition. 
~ 
_Hypotl}eses 
On the basis of these theoretical considerations, the 
following hypotheses were generated: 
1. The amount of retroactive inhibition increases as the 
tendency towards leveling increases. 
2. The increment imamount of retroactive inhibition 
as interpolated learning (IL) becomes less similar 
to original learning (Oh) increases as the tendency 
towards leveling increa~es. 
3. There is no relationship between the'leveling-
sharpening dimension of cognitive control and 
learning ability. 
Method..§_.and Procedur.§.§ · 
The 77 subjects who formed the experimental group were 
administered the Schematizing Test, a task re~uiring esti-
mation of squares that change gradually but consistently in 
size, which is the predictor instrument for the. leveling-
sharpening dimension of cognit·ive control. A paired a·ss·oc-
iates leaTning task patterned after learning materials 
designed by Osgood and prepared frQm Haagen's list of ad-
jectives scaled for degree of meaningful similarity was 
85.-
used to obtain measures of retroaction. All subj~cts learned 
OL and IL materials to a criterion of two successive perfect 
trials. The IL list included three response adjectives that 
were highly similar, three that were moqerately similar, 
and three of low similarity to corresponding OL R units. 
The difference between average response latency 0n the 
last trial of OL and average latenoy .for five relearning 
trials was used as an index of the amount of retroactive 
inhibition. Amount of interference was computed for all 
words combined and separately for words interpolated with 
high, medium and low similarity Rs. Number of trials to 
criterion on OL was used as a measure of rate of learning 
and average latency on the last trial of OL was used as a 
measure of strength of learning. 
~sults and Conclusions 
The results of a corre:lational analysis of Schematizing, 
learning and retroaction measures supported the first and 
third hypotheses. It was concluded tha~the occurrence of 
assimilation in memory depends upon the leveling-sharpening 
dllaension of·cognitive control, which reflects an organi~ing 
principle governing the neural correlates of retention. 
Since this principle of cognit~ve control is ·independent of 
rate and strength of learning the relationship between 
leveling-sharpening and assimilation-proneness cannot be 
explain~d in terms. of differences in learning ability. 
The results of an analysis of variance of retroaction 
scores for levelers and sharpeners, using a repeated measure-
. 
ment-on the same subjects design, failed to support the 
second hypothesis. Failure to confirm this hypothesis was 
discussed in r~lation to unf~~seen complications in the 
experimental design ~d the apparent inaccuracy of that 
portion of Osgood's transfer and retroaction surface per-
taining to the effect of response similarity upon amount 
of retroactive inhibition. Some implicat-ions for future 
research were outlined. 
86. 
APPENDIX A 
SCHEMATIZING TEST 
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APPENDIX A 
Schematizins Test 
Order or Presentation of Squares 
1. 1.18 39. 1.97 77. 3.83 114. 4.59 
2. 1.57 40. 3.19 78. 4.59 115. 7.95 
3. 1.97 41. 1.97 79. 5.52 116. 4.59 
4. 2.36 42. 3.83 8o. 6.62 117. 9.53 5. 2.83 43. 2.83 81. 4.59 118. 6.62 6. 1.97 ~: 3.19 82. 3.83 119. 7.95 7. 1.57 2.36 83. 6.62 120. 5.52 
B. 2.83 46. 2.36 84. 3.19 121. 5.52 
9. 1.18 47. 2.83 85. 5.52 122. 6.62 
10. 2.36 48. 3.19 86. 3.19 123. 7.95 
-
11. 1.18 49. 3.83 87. 6.62 124. 9.53 
- 12. 2.83 5o. 4.59 88. 4.59 125. 11.44 
13. 1.97 51. 3.19 89. 5.52 126. 7.95 
14. 2.36 52. 2.83 90. 3.83 127. 6.62 
15. 1.57 53. 4.59 91. 3.83 128. 11.44 
16. 1.57 54. 2.36 92. 4.59 129. 5.52 
17. 1.97 55. 3.83 93. 5.52 130. 9.53 
18. 2.36 56. 2.36 94. 6.62 131. 5.52 
19. 2.83 57. 4.59 95. 7.95 132. 11.44 
20. 3.19 58. 3.19 96. 5.52 133. 7.95 
21. 2.36 59. 3.83 97. 4.59 134. 9.53 
22. 1.97 60. 2.83 98. 7.95 135. 6.62 
23. 3.19 61. 2.83 99. 3.83 136. 6.62. 
24. 1.57 62. 3.19 100. 6.62 137. 7.95 25. 2.83 6:3. 3.83 101. 3.83 1.38. 9.53 
26. 1.57 6·4. 4-59 _102. 7.95 139. 11.~-4 
27. 3.1-9 65. 5.52 103. ·5.5·2 140. 13.73 
28. 2.36 66. 3.83 10~. 6.62 141. 9.53 29. 2.83 6·7. 3.19 10 -. 4-59 142 •. 7.95 30. 1.97 68. 5.52 106. 4.59 143. 13-.73 
31. 1.97 69. 2.83 107. 5.5-2 144. 6.62 32 •. 2.36 70. 4.59 108. 6.62 145. u.-.44 
33. 2.83 71. 2.83 109. 7.35 146. 6.62 
34. 3.19 72. 5.52 110. 9.53 147. 13.73 
35. 3.83 73. 3.83 111. 6.62 148. 9.53 
36. 2.8)- 74. 4.59 112. 5.52 149. 1ll.44 
37. 2.36 75. 3.19 113. 9.53 150. 7.95 
38. 3.83 76. 3.19 
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This study is an investigation of an hypothesized 
relationship between the leveling-sharpening principle of 
cognitiv~ control and proneness to interference in memory. 
Differences in amount of retroactive inhibition for level-
ing and sharpening groups as a function of degree of 
meaningful similarity between original and interpolated 
learning is an additional concern of this investigation. 
The concept of principles of cognitive control was 
proposed by Klein and hi~ associates to account for con-
sistencies in the manner that individuals organize stimuli 
in cognitive tasks. These consistencies are assumed to 
reflect the executive direction of the Ego control system. 
Studies by Klein and Holzman related the leveling-
sharpening dimension of cognitive control to assimilation-
proneness in the time error situations investigated by 
Kohler and Lauenstein. The leveling extreme of this di-
mension is characterized by a tendency to de-differentiate 
the stimulus field by reducing figure-ground distinctions 
94. 
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and assimilating new stimuli to an existing dominant or-
ganization. The sharpening extreme refers to an elaboration 
of the field by heightening figure-ground distinctions, ex-
aggerating changes and exploiting stimuli differences. 
Theorizing on the basis of the Kohler-Lauenstein trace 
explanation o£ time error to account for the greater 
assimilation-proneness of levelers, Holzman hypothesized 
that the leveling-sharpening dimension is associated with 
the strength and per.meabi~ity of memory trace boundaries; 
the leveling extreme of the dimension reflects a condition 
of more permeable and weaker trace boundaries than the 
sharpening extreme. He predicted that leveling-sharpening 
is relevant to assimilation-proneness in retroactive inhi-
bition and other situations in which fir.mness of stimuli 
boundaries can be varied. 
Retroactive inhibition is explained by memory t~eorists 
as involving interaction between separate memory traces or 
between response tendencies. Osgood's theory of memory 
maintains that in a learning situation in which S units 
are held constant while R units are varied, retroactive 
inhibition increases as meaning£ul similarity between R 
units in IL and OL decreases. 
Recent studies have demonstrated that while amount 
of retroactive inhibition is a function of strength and 
rate of learning, leveling-sharpening is not related sig-
nificantly to these aspects of acquisition. 
On the basis of Holzman's explanation of assimilation-
proneness and Osgood's theory of memory, the following 
hypotheses were generated: 
1. The amount of retroactive inhibition increases 
as the tendency towards leveling increases. 
2. The increment in amount of re'troacti ve inhibi-
tion as IL becomes less similar to OL increases 
as the tendency towards leveling increases. 
3. There is no relationship between the leveling-
sharpening dimen~io~·of cognitive control and 
learning ability. 
Seventy-seven subjects were administered the predictor 
instrument for leveling-sharpening (Schematizing Test). 
Paired-associates learning lists containing nine items 
with consonants as S units and two syllable adjectives as 
Rs were used in the retroactive inhibition task. S units 
. 
were identical in IL and OL lists, but Rs were varied. The 
96. 
IL list contained three adjectives that were highly similar, 
three that were moderately similar and three that were of 
low similarity to corresponding OL R units. Difference in 
average response latency on OL and relearning trials was 
used as an index of amount of retroactive inhibition. 
Number of trials to criterion on OL was used as a measure 
of rate of learning and average lat§ncy on the last trial 
of OL measured strength of acquisition. 
The results of the study supported the first and third 
hypotheses. It was concluded that the occurrence of inter-
ference in memory is dependent upon the leveling-sharpening 
dimension of cognitive control which refle9ts an organizing 
principle governing the neural correlates of memory. Fail-
ure to confirm the second hypothesis was. discussed in terms 
of unforseen complications of the experimental design and 
an apparent inaccuracy of that portion of Osgood1 s transfer 
and retroaction surface pertaining to response similarity. 
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The relevance of the findings to the similarity paradox 
in learning and memory was discussed. Some implications for 
future research were outlined. 
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